Precise line-shape measurements of the Q(0) to Q {4)lines in Dz have been made using Raman gain spectroscopy. At the densities studied {2. 5 -30 amagat), the Q-branch lines 
There has been much theoretical and experimental work done on line broadening and shifting in gases. At the pure physics level these studies have helped to elucidate the nature of intermolecular forces and collision dynamics. They have also been applied to a wide variety of topics including the interpretation of atomospheric data collected by remote sensing, and as a diagnostic tool in the study of hostile environments such as flames and combustion chambers.
There has been less work done on the problem of line mixing due to quantum-mechanical interference even though this effect can lead to profound changes in line shapes. While the broadening and shifting of an isolated line is described by a single diagonal element of the line relaxation matrix, the interference or mixing effects are due to a combination of the off-diagonal elements. For the isotropic component of the Raman Q branch, the offdiagonal elements of the relaxation matrix are, within a certain approximation, the state-to-state rotation relaxation rates [1] .
Line mixing at very high densities has been studied extensively in HD [2 -4] where it leads to collisional narrowing or collapse of the Q branch into a single narrowed band. It is clear that at high densities where the band becomes smooth and symmetric, any signature of specific state-to-state rates must be lost.
At intermediate densities, line mixing can cause an order of magnitude difference in the microwindows (region between lines) from what would be expected on a purely line additive basis. This has been examined by Cousin et al. [5] and Bulanin et al. [6] in infrared rotational structure. At still lower densities it has been shown theoretically that line mixing leads to asymmetric collision broadened lines [7] . Very recently Thibault et al. [8, 9] examined the shift in the peak location due to this asymmetry, an effect quadratic in density, and were able to extract single line-mixing parameters. However, other quadratic density effects may contaminate the measured quantity [10, 11] . The object of this paper is a direct measurement of line asymmetries in the Q branch of pure Dz at room temperature. With some approximations, we then extract from the asymmetries and the ordinary or symmetric broadening both state-to-state rotational relaxation rates and the vibrational dephasing. While there have been a number of "cm" spectroscopic attempts at determining rotational relaxation and vibrational dephasing rates [12 -16] they all depend upon using some empirical scaling law such as the exponential gap model [17] . That is not the case here.
Pulse probe experiments [18 - [23] . To date there does not appear to be a clear signature for measuring the imaginary or phase part of the off-diagonal elements in the relaxation matrix [24] . Presumably that would represent a fourth experimental line parameter.
EXPERIMENTAL DETAILS
The cw Raman gain spectrometer used to record the Q branch of D2 has been described previously [25] . Induced focusing is discussed in [25] where it was called "other focusing. " In another context it is referred to as "two-color z focusing" [26] . As From fits to experimental profiles we should be able, in principle, to extract information about broadening, shifting, line mixing, and the translational motion or Dicke narrowing [27, 28] . Except for the very lowest densities, Dicke narrowing makes a negligible contribution to the width of the lines and need not concern us in this paper; we corrected for it using the soft-collision model [28] . The broadening and shifting measurements are part of a larger and inherently more precise study and will be reported in detail elsewhere. The measured mixing parameters are shown as a function of density in Fig. 2(a) for the ortho deuterium lines Q(0), Q(2), and Q(4) and in Fig. 2(b) for the para deuterium lines Q(1) and Q(3).
The scatter in the data for the strongest lines is of the order of 0.2% of the half-height of the Lorentzian component. The maximum amplitude of the mixing term occurs for the Q(0) line and reaches a value of the order of 2% at the highest density. The weakest line for which we were able to measure an asymmetry was the Q(4) line. This required us to average six scans of the line at each density. It is the average at each density that is shown for Q(4). We believe the nonzero intercepts for all the lines are due to a RIKES signal introduced through a pressure-induced birefringence in the windows [15] ;these Fig. 2 , the Y 's, are given in Table I [14] . The 
